In the way to reduce costs in the poultry production, high densities of birds are adopted in the production systems. Such high densities can lead to an inappropriate environment, compromising the welfare and decreasing the animal performance. In this work we aimed to evaluate the effects of different densities on the productive yield, egg quality and immunological aspects of Japanese quails. It was used 816 Japanese quails, during egg production phase, in a random design, with four treatments ( interfere on egg quality and all treatments can be considered excellent, once the Haugh Unit was 88.03. Therefore, higher densities decline the yield, decreasing the eggs weight (10.35 g), the laying percentage (88%), egg mass (9.16 g) and the week average feed consumption (157.35 g). IgY values were higher at smaller cage density, suggesting birds in this condition presented better immunological condition, related to welfare and stress factors, all linked to immunoglobulins IgY.
INTRODUCTION
Japanese quails are worldwide known as precocious and high productive animals, giving meat and eggs (Albino and Barreto 2012) . To produce Japanese quail, it is economically viable and this marked is growing every year (Pastore et al. 2012) . Saka et al. (2018) reported the experience of farms in Nigeria with eggs and quails meat, with surprise success, despite lack of processing market for meat, veterinary support and technology. Even with those problems, quail farm showed to be a lucrative business and a source of protein for families.
In order to reduce costs with cages and equipment, farmers use high density of birds per cage. Such practice is very common and can be seen as aggressive but generally did not interfere in the production system (Leandro et al. 2005) . The maximization of the production system has brought some issues about the birds welfare 3792 DANIELA F. SOARES et al. (Faitarone et al. 2005) , once the area per bird is reduced, as well as the feeding area and the water area, causing increase on the stress and at the end, in the final production, as eggs or meat (Carey et al. 1995) , interfering on the feed consumption and its performance . For Molento (2005) , welfare can be evaluated by physiological data as the increasing of cardiac frequency, adrenal activity or by immunological response.
Birds are able to transfer antibodies from mother's blood to egg yolk, giving passive immunity to embryo and to neoborn (Klemperer 1893). Total concentration of immunoglobulins Y can indicate the health condition and nutritional aspect of the birds (Apanius 1998). Sun et al. (2013) reported a significant correlation from IgY level in total serum and IgY in egg yolk, indicating hens with higher levels of IgY in blood show higher levels in egg yolk and are able to transfer better immunological capabilities to the eggs.
Birds need a defense mechanism to resist to microorganism infections. Therefore, Squires (2003) report in stressing environments it can work as immunosuppresses, in this case, birds became more susceptible to diseases.
To the present, only few studies were done relating cage density of Japanese quails to productive performance, egg quality and immunology, which was the objective of this study. Feed was kept in buckets, in front of the cages and the buckets were filled at the beginning of each week. Leftovers from each week were weighted at the end of each week. Diet was based upon corn and soybean bran (Table I) . Chemical composition, nutritional values and ingredients were according to Rostagno et al. (2011) .
MATERIALS AND METHODS

All
Productive performance was evaluated weekly by: number of eggs produced, egg production, feed consumption, average weight of eggs, egg mass, feed conversion per egg dozen, feed conversion per egg kilograms produced, mortality and viability. At the end of each cycle, those parameters were analyzed, for egg quality: egg weight, yolk percentage, albumen percentage, shell percentage, egg yolk color, Haugh Unit, shell thickness and yolk indices.
Immunological evaluation of quails was done by purification and quantification immunoglobulins Y. Purifications were performed using the commercial kit "Thermo Scientific Pierce Chicken IgY Purification", which purifies IgY from egg yolk and isolate the IgY fractions, which can be quantified by spectrophotometer, at 280nm.
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RESULTS AND DISCUSSION
YIELD PERFORMANCE
In poultry production system, mainly in Japanese quail system, any type of enhancing ingredient added to the feed, or managing improving can lead to a better quality on eggs production and on meat production (Ghayas et al. 2017 , Gitoee et al. 2018 , Batkowska et al. 2018 . Batkowska et al. (2018) suggest treatments post harvesting eggs can enhance quality, such as the use of propolis as a disinfectant; Gitoee et al. (2018) and Ghayas et al. (2017) suggest addition of chromium and glycerin, respectively to improve egg quality in quail production. Consumption can be influenced by several factors, such as density, heat stress, competition, etc (Garcia et al. 2015 , Gitoee et al. 2018 ).
The results of feed consumption are presented in Table II , in which the values of total feed consumption show that consumption at treatment 4 and 3 were higher. However, for the average weekly ration consumption and the average daily ration consumption per bird, treatment 1 presented higher values when compared to the other treatments. This occurred probably because the area available per animal in the feeder was lower in treatments 2, 3 and 4, that is, there was a greater dispute for food. These data corroborate with the data found by Garcia et al. (2015) who worked with commercial laying hens, and by Lima et al. (2012) who found higher consumption when quails were at lower densities and lower consumption when they were at higher densities.
As a consequence of a lower feed intake, treatment 4 presented lower egg weight, 10.35 g, a posture rate of 88% and an egg mass of 9.18 g, while in the lower density treatment the egg weight was 10.92 g, 100% posture and egg mass 9.86 g (Table III) . This is because, according to Garcia et al. (2015) , birds probably cannot meet their nutritional requirements, with egg production declining. The results obtained are in agreement
Performance and egg quality were submitted to a variance statistical analysis software R (R Core Team 2015). The data were subjected to analysis of variance and the least square means were compared using Tukey test at p< 0.05. with those of Jalal et al. (2006), who evaluated different levels of density of commercial laying hens, concluding that, as the number of birds in the cage increased, feed consumption, egg laying and egg weight decreased while the mortality rate increased. No significant effects (p> 0.05) were observed for viability (%), feed conversion per dozen and feed conversion per kg in none of the evaluated treatments (Table IV) . The same occurred in the work of Garcia et al. (2015) analyzing CA / kg for laying hens at different densities. However, these data differ from those found by Lima et al. (2012) , which presented better values of CA / DZ and CA / kg for the lowest housing density.
EGG QUALITY
The results of egg quality are represented in Tables V and VI, in which no significant differences (p> 0.05) were found for any of the variables analyzed. These results corroborate with the research by Lopes et al. (2008) who also did not find differences for specific gravity, egg weight, yolk percentage, albumen percentage and percentage of bark, noting that the densities do not interfere in the evaluated variables. However, it is important to note that egg quality analyzes were done with fresh eggs and probably significant differences could be found in evaluations over the time of storage. Averages followed by lower case letters in the same column do not differ statistically (Tukey, 5%). VC% means variation coefficient. Nazar et al. (2018) studied the influence of heat stress in the immunoendocrine and biochemical response of quails. During stress period, antibody response was lower, along with other parameters, such as corticosterone, lymphoproliferation, heterophil/lymphocyte ratio (H/L), glucose, total proteins, globulins, and albumen, showing a stress, even for a short time, can influence immune system and its components, reflecting on performance and haching. The results show direct response on egg weight, yolk percentage and albumen.
TABLE III Density effects on eggs weight (EW), laying (L) and mortality (MORT).
TRAT EW (g) L (%) MORT (g)
According to the US Department of Agriculture -USDA (2000) Therefore, although the densities had no effect on quality, the eggs of all treatments can be considered of excellent quality, since they presented values of Haugh Unit around 88.03.
IMMUNE RESPONSE
The results of the purification and quantification of IgY of quails are shown in Figure 1 . Treatment 1 was significantly different from the other treatments, presenting a higher value of IgY immunoglobulins. The values found in treatments 2, 3 and 4 are probably due to the stress generated by the number of birds in the cages.
According to Rosa (2003) , in response to stress activation of the hypothalamic-pituitaryadrenal axis occurs, which in turn initiates the release of corticotrophin releasing hormone and adrenocorticotrophic hormone, which result in the secretion of glucocorticoid hormones. Gitoee et al. (2018) measured the IgY from quails eggs in order to stablish a correlation between feed supplementation ad immune system and results showed that the highest IgY level in serum of breeder and their offspring and that of yolk suck and egg yolk were observed in birds fed with Ontop diet, supplemented with organic chromium. Such results show the immune system, through the IgY amount, can respond to any type of interference man can introduce into the production system. This increase in glucocorticoids can cause various changes in the immune system, which, according to Gray (1988) , may inhibit resistance to infections. since large doses of cortisol cause significant atrophy of lymphoid tissue, leading to a decrease in T cell production and of antibodies (Rosa 2003 , Gitoee et al. 2018 . In this experiment the results of quantification of type Y immunoglobulins suggest that birds housed at a lower density (7 birds) have a higher immunological status than birds that are at higher densities. According to Dawkins (2003) , animal health is universally accepted as a measure of animal welfare, which makes this assessment of IgY immunoglobulins another tool available to evaluate the welfare of birds. Gitoee et al. (2018) used the IgY parameter to stablish a correlation between feed supplementation ad immune system and results showed the IgY amount, can responds increasing or decreasing its concentration, depending on the stress managing system birds are submitted.
CONCLUSIONS
It can be concluded that the densities do not interfere in the quality of the egg, but it impairs the productive performance. The birds of the lower density treatment presented higher values of IgY, promoting better immunological status and wellbeing of the quails.
